Abstract : Four nuclear microsatellite markers were used for testing 45 plants visually selected from 18 locations in controlled origin wine areas of Crete and Samos, and representing 7 cultivars. Discrepancies between the obtained profile and a profile from a plant of reference of a given cultivar, were found for 26 plants. This suggested that microsatellite profiling at a small number of loci was an efficient procedure in order to detect and remove inappropriate material at an early stage of selection. In a second case, three plants were sampled from a vineyard, located in the controlled origin wine area of Dafnes in Crete, for testing their identity in comparison to cultivars of reference at 15 nuclear microsatellite loci. Only one matched its identity profile of reference. One of them was found to be a continental cultivar, named Fegi and not usually grown in Crete. This showed the resolution of microsatellite profiling for problems where misnaming at an early stage in nursery or trade could have important consequences for growers in controlled origin wine areas.
INTRODUCTION
Among the different classes of molecular markers available for molecular profiling of genotypes, microsatellites (or single sequence repeated, SSR) tend to be the tool of choice, because they are specific, highly polymorphic and co-dominant, while they also allow technically a high reproducibility between users of distant laboratories, thus enabling an easy standardization of the sizing of the alleles. Since the characterization of the first microsatellite markers in grapevine by THOMAS et al. (1994) , more markers have been made available in the past years (BOWERS et al., 1996; DI GASPERO et al., 2000; LEFORT et al., 2002a; SEFC et al., 1999) , which have been used in a variety of purposes (for a review, see SEFC et al., 2001) . They allowed in particular for the first time the comparison of molecular genetic profiles of distant gene pools, (SEFC et al., 2000; SEFC et al., 2002) and the molecular markers-assisted management of genetic resources (MALE-TIC et al., 1999 ; LOPES et al., 1999) . In some cases they were also useful for discriminating clonal lines (VIGNANI et al., 1996) . Greek genetic resources have been evaluated with previously characterized microsatellite markers and genetic profiles were made available in combination with the last advances in information technology (LEFORT and ROUBELA-KIS-ANGELAKIS, 2000; LEFORT and ROUBE-L A K I S -ANGELAKIS, 2001; LEFORT, 2002; LEFORT et al., 2002b) . Markers of the same type but targeting the chloroplast genome instead of the nuclear genome can also complete the genetic information provided by nuclear microsatellites and their potential had also been assessed in Greek cultivars of grapevine (ARROYO et al., 2002; LEFORT et al., 2000) Following this initial step of characterization of genetic resources of reference conserved in ampelographic collections in Greece, genetic profiling with microsatellite markers can now be used for checking the identity of plants selected from the vineyard in selection programs, or more generally in the future for controlling the conformity of cultivars and rootstocks provided by private nurseries, in order to avoid mistakes which could have harsh consequences for the wine grower.
In order to illustrate the power of resolution of molecular profiling for agricultural purposes, we report here such a kind of a procedure applied to plants of different cultivars, selected from different vineyards in controlled origin wine areas of Crete and Samos, as well as a case of identification of plant material from a private vineyard from Crete.
MATERIAL AND METHODS

I -PLANT MATERIAL
In the frame of a project of clone selection for a few cultivars from Crete and Samos, 45 grapevine plants were sampled from 18 private vineyards located in controlled origin wine areas of Crete and Samos (table I) , on the basis of phenotypic differences comparatively to surrounding plants. Cuttings were cultivated in pots in the green house of the Laboratory of Plant Physiology of the University of Crete. In the second case described, three plants were sampled in a private vineyard in Agia Barbara, a location of the controlled origin wine area of Dafnes in Crete. name in table II. II -DNA EXTRACTION DNA was extracted from young leaves with a micro-method of DNA isolation (LEFORT and DOUGLAS, 1999) modified for grapevine (LEFORT and ROUBELAKIS-ANGELAKIS, 2001 ).
III -MICROSATELLITE PCR AND MICROSA-TELLITE PROFILE ANALYSIS
Amplification primer sequences for nuclear microsatellite loci (nSSRs) from Vitis riparia ssrVrZAG21, ssrVrZAG47, ssrVrZAG 62, ssrVrZAG64, ssrVrZAG67, ssrVrZAG79, ssrVrZAG83, ssrVrZAG112 and from Vitis vinifera, VVS1, VVS2, VVS3, VVS4, VVS5 (THOMAS et al., 1994) , ssrVvUCH11, ssrVvUCH29 (LEFORT et al., 2002a) were used for DNA amplification. Four nSSR loci were used for screening plants selected from vineyards in Crete and Samos and 15 loci were used to check identities of 3 plants from a private vineyard in Crete.
PCR amplifications were carried out in 96-well propylene plates in 20 µl final volume reaction mixtures in a PTC-100 thermal cycler (M.J. Research Inc., Watertown, MA). PCR reactions were as follows: 1 µM of each primer, 100 µM of each dNTPs (Biofinex, Praroman, Switzerland), 1.5 mM MgCl 2 in the buffer 75 mm Tris-HCl (pH 9.0), 50 mM KCl, 20 mM (NH 4 )2 SO 4 , 0.5 units Taq polymerase (Biotools, Madrid, Spain) and 50 ng DNA template. The forward primer in each case was labeled with the Licor IR800 fluorochrome. The following thermal cycling protocol was applied for all loci: 95°C for 5 min, 10 cycles of 15 s at 50°C, 15 s at 94°C, followed by 23 cycles of 15 s at 50°C, 15 s at 89°C and terminated immediately at 4°C; except for ssrVrZAG64 which had an optimal annealing temperature of 58°C. The amplification success was checked by electrophoresis in 2 % agarose gel in 1xTBE buffer (0.09 M Tris-borate, pH 8.3, 2 mM EDTA, pH 8.0) and ethidium bromide staining. PCR products analysis was carried out on 8 % polyacrylamide, 7M urea, 1xTBE sequencing gels in a Licor 2400 DNA Sequencer (Licor, Lincoln, NE), and alleles were sized with the software Gene Profiler v3.54 (Scanalytics, Fairfax, VA). PCR products for plants described in table I were run on the same gel. So was it in the second case, where PCR products of the 3 investigated plants were run on the same gel along with PCR products from reference plants ( 
RESULTS AND DISCUSSION
Fourty-five plants had been visually selected from different vineyards in control origin wine areas of Crete and Samos. Selection was done on the basis of phenotypic differences compared to the cultivars constituting these vineyards. Genetic profiles at four microsatellite loci of these 45 plants were compared to genetic profiles of reference plants from the ampelographic collections of the Wine and Vine Institute (NAGREF, Lykovrissi, Athens), Institute of Viticulture, Floriculture and Horticulture (NAGREF, Katsambas, Heraklion) and the Laboratory of Plant Physiology and Biotechnology, (University of Crete, Heraklion) compiled in the Greek Vitis Database (LEFORT and ROUBELAKIS-ANGELAKIS, 2000; LEFORT et al., 2002b; LEFORT, 2002) . Four polymorphic loci were considered to be efficient enough for screening differences and thus sort potentially different material out of the plants matching expected identities. Genetic profiles are given in base pairs in table 1 where expected allele sizes and observed allele sizes can be compared.
The five selected Kotsifali plants from 2 different locations were conformed to Kotsifali as profiles matched the expected profiles.
On the other hand the three selected Kotsifaloliatiko did not match the reference profile of the Kotsifaloliatiko obtained from the collection of Lykovrisi (Athens). They differed in one allele at the locus VVS2 (144 bp instead of 142 bp) and one allele at locus ssrVrZAG21 (204bp instead of 190 bp). After searching the Nuclear Microsatellite Database of the Greek Vitis Database, it appeared that they might be either Zakynthino or Sefka, or a progeny of Kotsifali, which could be confirmed by further profiling at more microsatellite loci.
Concerning the 12 plants of Liatiko sampled from 2 vineyards in Crete, eleven of them did not match the profiles of the Liatiko family for one allele (144 bp instead of 142 bp) at one locus (VVS2) but did not match other profiles in the Greek Vitis Database. They could thus be a clone of the Liatiko family since these plants were very similar to Liatiko from an ampelographic point of view. The fact that these 11 plants came from 2 different vineyards located in the region of cultivation of Liatiko suggested that there could be a clone of Liatiko co-cultivated with Liatiko. In this case further profiling would be needed for confirmation of the clone hypothesis. The twelfth plant, clone K163 from Patsos Spiliou, differed in one allele (180 bp) at locus VVS1, 2 alleles (132 bp) at locus VVS2 and 2 alleles (195 bp and 185 bp) at locus ssrVrZAG62. It could not be a Liatiko, but rather be a Moschato Spinas (or Moschato Mazas, or Moschato Kerkyras), since it had the specific combination (195 bp, 185 bp) at the locus ssrVrZAG62, which had only been found in these 3 cultivars and also matched Moschato Spinas profile at the 3 other tested loci. This could be possible since both cultivars Liatiko and Moschato Spinas are cultivated in not very distant regions of Crete.
All the six plants of Mantilari were matching the reference profile of the Mantilari cultivar. The use of microsatellite markers was suitable for screening plant material selected from vineyards in purpose of selection. The results showed well the efficiency of microsatellite profiling for a quick and resolutive management of such material. The fact to be able to remove, from the selection process, all material which showed to be very different at a reduced number of microsatellite loci, will optimize the work of selection and avoid to keep unrelated cultivars.
The second case was a case of identification of plant material sampled in a private vineyard of Agia Barbara, in the controlled origin wine area of Dafnes in Crete. The controlled origin wine produced in this area is uniquely based on Liatiko, according to the rules esta-blished by the Ministry for Agriculture of the Hellenic Republic for controlled origin wines in Greece. Three different individual plants, representing the three forms easily distinguishable in a private vineyard of Agia Barbara and supposed to be a Liatiko, a Kotsifali and a Kotsifaloliatiko, were sampled and submitted to microsatellite profiling at 15 nuclear microsatellite loci. The obtained identity profiles were then compared to those of cultivars of reference. Microsatellite profiles of cultivars of reference and of these three plants are given in table II.
The Kotsifali sampled from the vineyard was not Kotsifali but was found very close to Liatiko. It could be in fact a subclone of Liatiko, since it differed at one allele at ssrVrZAG21 (204 bp instead of 206 bp) and one allele at ssrVrZAG79 (252 bp instead of 250 bp) and was also homozygous for the allele 207 bp at locus ssrVvUCH29, which was a characteristic of the clone Liatiko Alithinis/ Liatiko Agia Barbaras/Liatiko Leivadioti. The Liatiko sampled from the vineyard was similar to profiles of Liatiko and Liatiko Kounavon, another Cretan synonym for Liatiko. The This work also enabled to assess a putative relationship between Kotsifaloliatiko, Kotsifali and Liatiko, since Kotsifaloliatiko was supposed to be an offspring of Kotsifali and Liatiko. Liatiko could be potentially be a direct parent of Kotsifaloliatiko, since they shared at least one allele at each of the 15 tested loci. Genetic similarity between these 2 cultivars was 63 %. The second parent remaining unknown after analyzing the profiles of the Nuclear Microsatellite Database with the programme Identity. Kotsifali could not be a direct parent but shared a common allele with Kotsifaloliatiko at 11 out of 15 tested loci and 43 % genetic similarity, which would mean that these 2 cultivars could be related. Besides that observation. no relationship was found between the cultivar Strofyliatiko and Liatiko, which had only 27 % genetic similarity. This is another example where a similar name is not enough to suggest for any genetic relationship.
These two examples of molecular profiling of plants from the vineyard may suggest on one hand that the vineyards screened in this study, which were vineyards of controlled origin wine areas, could contain a low level of contaminating cultivars. These contaminations could possibly originate from mistakes in nurseries or trade in the pastime, or simply because growers had replaced dead plants with plants of uncertified origin. The rational organisation of Greek viticulture (certification, pre-nurseries and nursery) at national level, should have reduced nowadays the extent of such a problem. Microsatellite profiling at a small number of loci showed to be a high resolution tool for helping to discard plants unrelated to the selection material, sampled in the vineyard. The identification of a low level of contaminating cultivars, in controlled origin wine areas, involves that molecular profiling should also be applied to nursery material for propagation in order to avoid propagating wrongly allocated material (cultivars or rootstocks). In this purpose, using a small number of highly polymorphic markers, multiplexed in one genotyping reaction, could already detect discrepancies between what is expected and what is obtained. Alternatively a new molecular profiling method, recently made available (PELSY and MERDINOGLU, 2002) and based on the detection of grapevine retrotransposon sequences could be applied. On the basis of the presented results we may recommend the use of a small number of markers in an initial step of general assessment of pools of plants and the completion of the genotyping only if a precise question of identity is to be solved.
